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Description
Technical Field

[0001] The present invention relates to a head-up dis-
play apparatus in which a virtual image projection posi-
tion is variable.

Background Art

[0002] Conventional automotive head-up display
(hereinafter also called the HUD (Head-Up Display)) ap-
paratuses generally generate a virtual image at a con-
stant distance from a driver, and the content of display
is limited to vehicle speed, car navigation information,
and the like. In the first place, an object of mounting an
HUD on a car is to minimize the movement of line of sight
of the driver so as to assist safer driving. However, in the
sense of safe drive assistance, the aforementioned con-
tent of display is insufficient, and a system that senses,
for example, a car, a pedestrian, or an obstacle ahead
with a camera or other sensors to cause the driver to
perceive the danger in advance through the HUD to pre-
vent an accident is more preferable. For achievement of
such a system, a conceivable way would be to display a
frame-shaped danger signal on a car, a human, an ob-
stacle, or the like in a superimposing manner (see, for
example, Patent Literature 1). However, in cases where
the distance from the driver to the virtual image is con-
stant, when the position of the eye of the driver is shifted,
the positional relationship between a real object and the
danger signal is shifted, and there is a problem that ex-
cessive shifting would result in misperception by the driv-
er.

[0003] Note that, as an HUD apparatus that changes
a display distance of a virtual image, those including a
scanning-type image formation means, a diffusion
screen, a projection means, and a variable means that
changes a diffusion screen position, wherein the diffusion
screen position is changed to change a projection posi-
tion of a virtual image in a depth direction are publicly
known (see, for example, Patent Literature 2 and 3).
These HUD apparatuses, in view of the fact that the dis-
tance of observation by a person varies with the speed
of a car, reduce the movement of line of sight of a driver
by moving the display distance of a virtual image closer
or farther (Patent Literature 2) or for the purpose of per-
forming 3D displaying (Patent Literature 3), but do not
adjust the display position of a virtual image with respect
to an object, e.g., a car, a human, or an obstacle.
[0004] Furthermore, when an HUD apparatus is used
for the purpose of conveying danger to the driver by, for
example, superimposing a virtual image on an object or
displaying a virtual image near an object, e.g., a car, a
human, or an obstacle, because an event of danger dur-
ing driving is present regardless of whether the line of
sight is close or far, it is preferable that a danger signal
be displayed at a far distance and a near distance simul-
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taneously. For this purpose, a conceivable way would be
to drive the diffusion screen at fast speed and generate
a correspondingly synchronized picture by using an im-
age formation means to show the picture as if it is dis-
played simultaneously to the human eye. However, it is
difficultto handle display switching at high frame rate with
the scanning-type image formation means, and therefore
the scanning-type image formation means is not suitable
for a configuration of displaying a virtual image at a plu-
rality of distances simultaneously.

Citation List
Patent Literature
[0005]

Patent Literature 1: JP 2015-127160 A
Patent Literature 2: JP 2009-150947 A
Patent Literature 2: JP 2009-150947 A
Patent Literature 3: JP 2008-180759 A

[0006] WO 2016 103 418 A1 discloses an information
displaying apparatus for a vehicle that projects an image
to a space in front of the vehicle, comprising an output
image processing unit that controls a focusing drive unit
on the basis of the type of object detected in front of the
vehicle and the distance to the object and moves the
position of a projection lens to change a projection dis-
tance D of a projected image. In cases where the type
of object is a vehicle in front and where the distance S
to the vehicle in front is less than a threshold SO, the
projection distance D is set as the distance S to the ve-
hicle in front and a projection image is displayed in a
position in the vicinity of the vehicle in front. In cases
where the type of objectis an object of alert, the projection
distance D is set as the distance Sa to the object of alert
and an alert image is displayed.

[0007] JP-H11 119 147 o provide a head up display
enabling a driver to easily view the display independently
of driver’s a gaze distance, a visual field range or a visual
line direction which is changed in accordance with the
speed or turning of a vehicle. wherein a lens group L1,
L2 is moved along an optical axis in accordance with a
vehicle speed to control a projection distance and the
size of an apparent projection image.

[0008] EP 2883 748 A1 discloses a projection device
whose projection distance and/or display size and/or dis-
play position can be dynamically changed, such that the
virtual image of the information displayed is perceived
by the driver dynamically variable virtual distance relative
to the position of the driver's eye and/or a dynamically
variable position in the driver’s field of vision and/or in a
dynamically variable display size.

Summary of Invention

[0009] Itis an object of the presentinvention to provide
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a head-up display apparatus that can add a related-in-
formation image as a virtual image in an arrangement
relationship including a depth direction with respectto an
object, which is a real object.

[0010] Inorderto achieve atleast one of the aforemen-
tioned objects, the present invention provides a head-up
display as set forth in the appended claims.

Brief Description of Drawings
[0011]

Fig. 1A is a cross-sectional side view illustrating a
state in which a head-up display apparatus of a first
embodiment is mounted on a vehicle body, and Fig.
1B is a front view for explaining a head-up display
apparatus, viewed from inside of a car.

Fig. 2 is an enlarged cross-sectional side view for
explaining a specific configuration example of a pro-
jection optical system or the like constituting a head-
up display apparatus.

Fig. 3 is a diagram for explaining a variation of the
optical system of Fig. 2.

Fig. 4 is a graph specifically illustrating a change in
position of an intermediate image, a graph concep-
tually explaining a change in projection distance.
Fig. 5 is a block diagram for explaining an entire
structure of a head-up display apparatus.

Fig. 6 is a perspective view for explaining a specific
display state.

Fig. 7A corresponds to Fig. 4, and Figs. 7B to 7D
correspond to a projection image or a framework of
Fig. 6.

Figs. 8A and 8B are graphs for explaining a variation
related to a change in position of an intermediate
image or projection distance illustrated in Fig. 4.
Figs. 9A to 9C are graphs for explaining a variation
related to a change in position of an intermediate
image or projection distance illustrated in Fig. 4.
Fig. 10 is a diagram for explaining a head-up display
apparatus of a second embodiment.

Fig. 11 is a diagram for explaining a head-up display
apparatus of a third embodiment.

Figs. 12A and 12B are views for explaining a struc-
ture of a diffusion screen.

Fig. 13 is a view for explaining a head-up display
apparatus of a fourth embodiment.

Fig. 14 is a view for explaining a head-up display
apparatus of a fifth embodiment.

Figs. 15A and 15B are views for explaining a frame-
work and an index of a variation.

Description of Embodiments
[First embodiment]

[0012] Figs. 1A and 1B are a conceptual cross-sec-
tional side view and a front view, respectively, for explain-
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ing an image display apparatus 100 of the head-up dis-
play apparatus of the present embodiment. The image
display apparatus 100 is mounted, for example, in a ve-
hicle body 2 of an automobile, and includes a drawing
unit 10 and a display screen 20. The image display ap-
paratus 100 displays a virtual image of image information
displayed on a display element 11, which will be de-
scribed later, of the drawing unit 10, for a driver UN via
the display screen 20.

[0013] The drawing unit 10 of the image display appa-
ratus 100 is installed to be embedded behind a display
50 in a dashboard 4 of the vehicle body 2, and emits
display light HK corresponding to an image including
drive-related information or the like to the display screen
20. The display screen 20 is also called a combiner, and
is a semitransparent concave mirror or plane mirror. The
display screen 20 is erected on the dashboard 4 by being
supported at a lower end, and reflects the display light
HK from the drawing unit 10 to the rear of the vehicle
body 2. That is, in the case of the illustrated drawing, the
display screen 20 is of an independent type that is in-
stalled separately from the windshield 8. The display light
HK reflected off the display screen 20 is guided to an eye
HT of the driver UN seated on a driving seat 6 and an
eyebox (notillustrated) corresponding to a peripheral po-
sition. The driver UN can observe the display light HK
reflected off the display screen 20, i.e., a projection image
IM, which is a virtual image present in front of the vehicle
body 2. Meanwhile, the driver UN can observe external
light that has passed through the display screen 20, i.e.,
arealimage of a forward view, an automobile, or the like.
Eventually, the driver UN can observe the projection im-
age (virtual image) IM including related information, e.g.,
drive-related information, formed by reflection of the dis-
play light HK off the display screen 20 on an external
image or see-through image behind the display screen
20.

[0014] Here, the display screen 20 is configured sep-
arately from the windshield 8, but the windshield 8 may
be used as a display screen and projection may be per-
formed over a display range set in the windshield 8 such
that the driver UN can observe the projection image IM.
In this case, the reflection rate of a partial region of the
glass of the windshield 8 can be changed by a coating
or the like to ensure a reflection region. Furthermore,
when the windshield 8 has a reflection angle of about,
for example, 60 degrees, a reflection rate of about 15%
is ensured and the windshield 8 can be used as a reflec-
tion surface having transparency even without a coating.
Apartfrom the above, the display screen may be provided
by being sandwiched in the glass of the windshield 8.
[0015] As illustrated in Fig. 2, the drawing unit 10 in-
cludes a main body optical system 13, which is a virtual
image-type magnifying image formation system includ-
ing the display element 11, a display control portion 18
that operates the main body optical system 13, and a
housing 14 that accommodates the main body optical
system 13 and the like. Among the above, a combination
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ofthe main body optical system 13 and the display screen
20 constitutes a projection optical system 30.

[0016] The main body optical system 13 includes, in
addition to the display element 11, an image formation
optical system 15 that forms an intermediate image TI
obtained when an image formed by the display element
11 is magnified and a virtual image formation optical sys-
tem 17 that converts the intermediate image Tl to a virtual
image.

[0017] The display element 11 includes a two-dimen-
sional display surface 11a. An image formed on the dis-
play surface 11a of the display element 11 is magnified
by afirst optical portion 15a of the image formation optical
system 15 and projected to a diffusion screen 15c. In this
case, when the display element 11 capable of two-di-
mensional display is used, switching of a projection im-
age with respect to the diffusion screen 15c¢, i.e., switch-
ing of the projectionimage IM displayed as a virtualimage
through the display screen 20 can be performed at a rel-
atively high speed. The display element 11 may be a
reflective element, e.g., a DMD (Digital Mirror Device) or
an LCOS (Liquid Crystal On Silicon), or may be a trans-
parent element, e.g., liquid crystal. In particular, use of
DMD or LCOS as the display element 11 facilitates re-
tention of brightness and switching of an image at high
speed (including high speed intermittent display), which
is advantageous for display that changes the virtual im-
age distance or the projection distance. Note that the
display element 11 operates at a frame rate of 30 fps or
more, more desirably 60 fps or more. Thus, it is possible
to show a plurality of projection images (virtual image)
IM at different projection distances as if they are simul-
taneously displayed to the driver UN. In particular, when
switching of display at 90 fps or more is performed, the
DMD or the LCOS is an option for the display element 11.
[0018] Theimage formation optical system 15includes
a fixed-focus first optical portion 15a, the diffusion screen
15c¢, and a variable-focus second optical portion 15b. The
first optical portion 15a projects an image formed on the
display surface 11a of the display element 11 onto the
diffusion screen 15c in a magnifying manner, and the
second optical portion 15b again projects the image pro-
jected onto the diffusion screen 15cin a magnifying man-
ner to form the intermediate image Tl (the intermediate
image Tl itself is based on the display operation of the
display element 11). As the diffusion screen 15c, for ex-
ample, frosted glass, a lens diffusion plate, or a microlens
array may be used. The second optical portion 15b in-
cludes a movable lens 15f, which is an optical element.
The movable lens 15f is movable in an optical axis AX
direction by an arrangement change apparatus 62, which
will be described later, and the focal length of the second
optical portion 15b increases or decreases according to
the movement of the movable lens (optical element) 15f
in the optical axis AX direction, such that the position of
the intermediate image Tl as an image formation or focus
position (when the display of the display element 11 is
not operated, the intermediate image, which is display,
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is not necessarily formed, but the position in which the
intermediate image is to be formed is also called the po-
sition of the intermediate image) also can be moved in
the optical axis AX direction. Although depending on the
lens configuration of the second optical portion 15b or
the like, forexample, when the movable lens 15fis moved
to the virtual image formation optical system 17 side, the
position of the intermediate image Tl is moved to the
virtual image formation optical system 17 side such that
the virtual image distance to the projection image IM can
be reduced. Furthermore, when the movable lens 15f is
moved to the display element 11 side, the position of the
intermediate image Tl is moved to the display element
11 side such that the virtual image distance to the pro-
jection image IM can be increased.

[0019] The virtual image formation optical system 17
magnifies the intermediate image Tlformed by the image
formation optical system 15 in cooperation with the dis-
play screen 20, and forms the projection image IM, which
is a virtual image, in front of the driver UN. The virtual
image formation optical system 17 includes at least one
mirror, and includes two mirrors 17a and 17b in the illus-
trated example.

[0020] The arrangement change apparatus 62 provid-
ed and attached to the movable lens 15f is a projection
distance change part that moves the movable lens 15f
or the intermediate image Tl to a desired position along
the optical axis AX and periodically changes the projec-
tion distance from the projection optical system 30 to the
projection image IM, which is a virtual image. The ar-
rangement change apparatus (projection distance
change part) 62 includes a movable mechanism 64 that
enables movement of the movable lens 15f in the optical
axis AX direction and a drive portion 65 that moves the
movable lens 15f back and forth via the movable mech-
anism 64 in the optical axis AX direction at a desired
speed. When, for example, a motor is used as the drive
portion 65, in order to reduce loads on the motor, it is
desirable that the movable mechanism 64 include a
spring that facilitates the back and forth movement or
vibration of the movable lens 15f. When the movable lens
15f is moved by the arrangement change apparatus 62
along the optical axis AX, the distance between the pro-
jection image IM, which is a virtual image formed behind
the display screen 20 by the virtual image formation op-
tical system 17 and the driver UN, which is an observer,
can be increased or reduced. Thus, when the position of
the projection image IM to be projected is changed to
and fro and the content of display is selected to be suit-
able for its position, the virtual image distance to the pro-
jection image IM is changed and the content of display
of the projection image IM is changed, and the projection
image IM, which is a series of projection images, can be
a three-dimensional thing.

[0021] The movement speed of the movable lens 15f
is desirably a speed at which the projection image IM,
which is a virtual image, is shown as they are simultane-
ously displayed at a plurality of locations or at a plurality
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of virtual image distances. For example, when the pro-
jectionimage IM is sequentially projected in three stages:
far distance, intermediate distance, close distance, and
is displayed by the display element 11 at 90 fps, the pro-
jection image IM at each distance (e.g., far distance) is
subject to switching of display at 30 fps, and the projection
images IM at intermediate distance and close distance
are switched concurrently and recognized as a series. In
this case, the movement speed of the movable lens 15f
is set to be synchronized with the display operation of
the display element 11. The movement speed of the mov-
able lens 15f needs to correspond to 30 fps or more,
whichis an operation rate of the display element 11. Apart
from use of a spring mechanism, for example, a wheel
on which a large number of lenses is arranged on the
circumference is rotated about a central axis parallel to
the optical axis AX, and the large number of lenses is
sequentially arranged on the optical axis AX, such that
the large number of lenses is switched at high speed.
[0022] In the case of the projection optical system 30
illustrated in Fig. 2, there is an advantage that even when
the size of the diffusion screen 15c increases when the
magnification of a relay optical system is increased to
enlarge the observable range (i.e., eyebox) after move-
ment of the eye of the driver UN, which is an observer,
it is not necessary to move the diffusion screen 15¢, and
the movement mechanism will not be large in scale.
[0023] Fig. 3 is a view for explaining a variation of the
projection optical system 30 illustrated in Fig. 2. The im-
age formation optical system 115 projects an image
formed on the display element 11 in a magnifying manner
to form the intermediate image TI. The image formation
optical system 115 includes the movable lens 15f, which
is an optical element. The movable lens 15f, as in the
case of Fig. 2, is movable by the arrangement change
apparatus 162 in the optical axis AX direction, the focal
length of the image formation optical system 115 increas-
es or decreases according to the movement of the mov-
able lens (optical element) 15f in the optical axis AX di-
rection, and the position of the intermediate image TI,
which is an image formation or focus position, also can
be moved in the optical axis AX direction. In this case,
the intermediate image is not formed in the image forma-
tion optical system 115. In the optical system illustrated
in Fig. 3, the diffusion screen 16, which is an optical el-
ement, that moves in the optical axis AX direction is ar-
ranged at or in the vicinity of the image formation optical
system 115. The diffusion screen 16 is movable in the
optical axis AX direction by a guide portion 164 provided
on the arrangement change apparatus 162 and the drive
portion 65, and moves together with the intermediate im-
age Tl formed by the image formation optical system 115.
That is, the diffusion screen 16 operates in synchroniza-
tion with the movable lens 15f and is arranged at the
position of the intermediate image TI, which moves, in
synchronization with the intermediate image TI. The pro-
jection optical system 30 illustrated in Fig. 3 is configured
to connect the intermediate image only one time, and
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therefore when an increase in size of the movement
mechanism is suppressed when the number of move-
ment lenses is a few, the size of the optical system can
be reduced.

[0024] Fig. 4is agraph specificallyillustrating achange
in position of the intermediate image Tl according to the
movement of the movable lens 15f. The movable lens
15f moves back and forth in a sinusoidal temporal pattern
along the direction of the optical axis AX, and the position
of the intermediate image Tl also moves back and forth
in a sinusoidal temporal pattern along the direction of the
optical axis AX as illustrated in the drawing when the
display element 11 performs continuous display. Thatis,
the position of the intermediate image TI continuously
varies with the movement of the movable lens 15f. As a
result, although illustration is omitted, the position of the
projection image (virtual image) IM also moves back and
forth along the direction of the optical axis AX similar to
the position of the intermediate image Tl although scale
is different, and the projection distance can be changed
continuously. Here, the display element 11 does not per-
form continuous display, but performs intermittent dis-
play while switching the content of display, and therefore
the display position of the intermediate image Tl also
becomes a discrete position on the sinusoidal temporal
pattern. In the illustrated example, regarding the position
of the intermediate image Tl on the optical axis AX, three
points are display positions P1 to P3. Here, the display
positions P1 to P3 correspond to positions of the inter-
mediate image Tl at timing when the display element 11
performs display operation. That is, the display element
11 intermittently performs display operation, and be-
cause display is performed two times at each of the dis-
play positions P1 to P3, display is performed six times in
total within one period of the movable lens 15f.

[0025] Fig. 5is a block diagram for explaining an entire
structure of a head-up display apparatus 200, and the
head-up display apparatus 200 includes the image dis-
play apparatus 100 as its portion. The image display ap-
paratus 100 has the structure illustrated in Fig. 2, and a
description is omitted here.

[0026] The head-up display apparatus 200 includes,
in addition to the image display apparatus 100, an envi-
ronment monitor portion 72 and a main control apparatus
90.

[0027] The environment monitor portion 72 is an object
detection part that detects an object present in the de-
tection region, and includes a three-dimensional meas-
urement instrument that identifies a movable body or a
human present ahead in the vicinity, specifically, an au-
tomobile, a bicycle, a pedestrian, or the like, as an object,
and extracts three-dimensional position information of
the object. Thus, the three-dimensional recognition of the
object enables three-dimensional display of a related-
information image. Furthermore, the environment moni-
tor portion 72 adds a related-information image, which is
a virtual image, to a movable body or a human, and can
let the driver UN or the like of the head-up display appa-
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ratus 200 to know the presence of the movable body or
the human. The environment monitor portion (object de-
tection part) 72 includes, as the three-dimensional meas-
urement instrument, an external camera 72a, an external
image processing portion 72b, and a determination por-
tion 72c. The external camera 72a enables capture of an
external image in a visible or infrared area. The external
camera 72a is installed at an appropriate position of the
vehicle body 2 internally or externally, and captures a
detection region VF (see Fig. 6 to be described later) in
front of the driver UN or the windshield 8 as an external
image. The external image processing portion 72b per-
forms various image processing, e.g., brightness correc-
tion, on the external image captured by the external cam-
era 72a to facilitate processing by the determination por-
tion 72c. The determination portion 72c extracts or cuts
anobjectimage fromthe externalimage after the external
image processing portion 72b so as to detect the pres-
ence or absence of an object (see specifically objects
OB1, OB2 and OB3 of Fig. 6, which will be described
later), e.g., an automobile, a bicycle, a pedestrian, or the
like, calculates the spatial position of the object in front
of the vehicle body 2 from the depth information associ-
ated with the external image, and stores the spatial po-
sition in a storage portion 72m as three-dimensional po-
sition information. The storage portion 72m of the deter-
mination portion 72c stores software that enables extrac-
tion of an object image from an external image, and dur-
ing operation of extracting the object image from the ex-
ternal image, required software or data is read from the
storage portion 72m. The determination portion 72¢ can
detect what is an object corresponding to the object el-
ement, for example, from the shape, the size, the color,
or the like of each object element in the obtained image.
Determination criteria include a method for performing
pattern matching with respect to pre-registered informa-
tion to detect what is an object from the degree of match-
ing. Furthermore, from a viewpoint of increasing process-
ing speed, a lane is sensed from an image, and for a
target or an object element in the lane, the object can be
detected from the aforementioned shape, size, color, or
the like.

[0028] The external camera 72a, although illustration
is omitted, is, for example, a compound-eye type three-
dimensional camera. That is, the external camera 72a
includes camera elements each formed of a pair of an
image formation lens and a capture element, e.g., CMOS
(Complementary metal oxide semiconductor) and ar-
ranged in a matrix fashion, and includes a drive circuit
for the capture element. The plurality of camera elements
constituting the external camera 72a is, for example,
brought into focus on different positions in the depth di-
rection or can detect a relative parallax. When the state
of an image obtained from the camera elements (focus
state, position of object, or the like) is analyzed, a target
distance to each region or object in the image corre-
sponding to the detection region can be determined.
[0029] Note that, even when a combination of a two-
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dimensional camera and an infrared distance sensor is
used instead of the aforementioned compound eye-type
external camera 72a, it is possible to obtain a target dis-
tance, which is distance information in the depth direc-
tion, regarding each portion (region or object) in the cap-
tured screen. Furthermore, instead of the compound eye-
type external camera 72a, it is possible to obtain a target
distance, which is distance information in the depth di-
rection, regarding each portion (region or object) in the
captured screen with a stereo camera in which two two-
dimensional cameras are separately arranged. In addi-
tion, when capture is performed with a single two-dimen-
sional camera while the focal length is changed at high
speed, it is possible to obtain a target distance, which is
distance information in the depth direction, regarding
each portion (region or object) in the captured screen.
[0030] Furthermore, when LIDAR (Light Detection and
Ranging) technology is used instead of the compound
eye-type external camera 72a, it is possible to obtain
distance information in the depth direction regarding
each portion (region or object) in the detection region.
With the LIDAR technology, scattered light with respect
to pulsed laser emission is measured, and the distance
or expansion to a target at a far distance is measured to
acquire information of distance to an object within a field
of view or information regarding expansion of the object.
Moreover, for example, acomposite method, e.g., a com-
bination of laser sensing technology like the LIDAR tech-
nology and a technology of detecting the distance of an
object from image information, i.e., a method of fusing a
plurality of sensors, can increase the precision of detect-
ing the object.

[0031] The operation rate of the external camera 72a
for detecting the object needs to be equal to or more than
the operation rate of the display element 11 from a view-
point of high speed input, and when the display element
11 has an operation rate of 30 fps or more, the operation
rate of the external camera 72a needs to be equivalent
or higher than the operation rate of the display element
11. The external camera 72a desirably enables high
speed detection of an object through high speed opera-
tion, e.g., higher than 120 fps, e.g., 480 fps or 1000 fps.
Furthermore, when a plurality of sensors is fused, not all
the sensors need to be high speed, but at least one of
the plurality of sensors needs to be high speed and the
other sensors may not be high speed. In this case, a
method ofincreasing the sensing precision such that data
detected by the high speed sensor is primarily used and
data by the non-high speed sensors is used for compli-
mentary may be used.

[0032] The display control portion 18 operates the pro-
jection optical system 30 under control by the main con-
trol apparatus 90 and causes the three-dimensional pro-
jection image IM that varies in virtual image distance or
projection distance to be displayed behind the display
screen 20.

[0033] The main control apparatus 90 has a role of
harmonizing the operations of the image display appa-
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ratus 100, the environment monitor portion 72, and the
like. The main control apparatus 90 appropriately oper-
ates the arrangement change apparatus 62 via, for ex-
ample, the display control portion 18 to periodically
change the projection distance of the virtual image, which
is the projectionimage IM by the projection optical system
30. That is, the main control apparatus 90 and the like
periodically change the projection position regarding the
depthdirection ofthe virtualimage, which is the projection
image IM. In this case, at an appropriate position in the
process of periodical back and forth movement of the
projection position, the related-information image can be
given to the object. Furthermore, the main control appa-
ratus 90 adjusts a spatial arrangement of a framework
HW (see Fig. 6) projected by the projection optical system
30 so as to correspond to the spatial position of the object
detected by the environment monitor portion 72. In short,
the main control apparatus 90 generates the projection
image IM displayed by the projection optical system 30
from the display information including the display shape
or display distance received from the environment mon-
itor portion 72. The projection image IM can be a sign
like the framework HW (see Fig. 6) positioned in a pe-
ripheral area regarding the depth position direction with
respect to, for example, an automobile, a bicycle, a pe-
destrian, and other objects present behind the display
screen 20. As described above, the main control appa-
ratus 90 functions as an image addition part in coopera-
tion with the display control portion 18, and adds the re-
lated-information image as a virtual image by means of
the projection optical system 30 to the detected object at
timing when the target distance to the detected object
substantially matches the projection distance. The relat-
ed-information image is, for example, the framework HW
surrounding the object or an index adjacent to the object.
In this case, it is possible to convey the presence of a
movable body or a human by means of the framework
HW or the index.

[0034] In order for the observer to be able to view the
related-information image as three-dimensional display
at the same time or substantially at the same time as the
object by displaying the related-information image at high
speed with the configuration of the present embodiment,
sensing, processing, e.g., recognition and determination,
and display need to be high speed. Therefore, the delay
(latency) of display is absent when the related-informa-
tion image is superimposed and displayed on the object
or target present in an actual scene, and a feeling of
wrongness while the observer or the driver UN views the
display or the virtual image is reduced, enabling quick
driving operation, e.g., accident prevention or the like.
[0035] Fig. 6 is a perspective view for explaining a spe-
cific display state. The front side of the driver UN, which
is an observer, is the detection region VF corresponding
to the observation field. In the detection region VF, i.e.,
on a road or a surrounding area, object OB1, which is a
human, e.g., a pedestrian, or object OB2, which is a mov-
able body, e.g., an automobile, is deemed present. In
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this case, the main control apparatus 90 projects the
three-dimensional projection image (virtual image) IM by
the image display apparatus 100, and adds frameworks
HW1, HW2 and HW3, which are related-information im-
ages, to the objects OB1, OB2 and OB3. In this case,
because the distance from the driver UN to the objects
OB1, OB2 and OB3 is different, the projection distance
to the projection images IM1, IM2 and IM3 for displaying
the frameworks HW1, HW2 and HW3 corresponds to the
distance from the driver UN to the objects OB1, OB2 and
OB3. Note that the projection distance of the projection
images IM1, IM2 and IM3 is discrete and cannot correctly
match the actual distance to the objects OB1, OB2 and
OB3. However, when a difference between the projection
distance of the projection images IM1, IM2 and IM3 and
the actual distance to the objects OB1, OB2 and OB3
increases, a parallax is less likely to occur even when
the viewpoint of the driver UN moves, and the arrange-
ment relationship between the objects OB1, OB2 and
OB3 and the frameworks HW1, HW2 and HW3 can be
substantially maintained.

[0036] Fig. 7A corresponds to Fig. 4, Fig. 7B corre-
sponds to the projection image IM3 or the framework
HW3 of Fig. 6, Fig. 7C corresponds to the projection im-
age IM2 or the framework HW2 of Fig. 6, and Fig. 7D
corresponds to the projection image IM1 or the frame-
work HW1 of Fig. 6. As is apparent from Figs. 7A to 7D,
the projection image IM1 corresponds to the display im-
age formed on the display surface 11a of the display el-
ement 11 when the intermediate image Tl is in the display
position P1, the projection image IM2 corresponds to the
display image formed on the display surface 11a of the
display element 11 when the intermediate image Tl is in
the display position P2, and the projection image IM3
corresponds to the display image formed on the display
surface 11a of the display element 11 when the interme-
diate image Tl is in the display position P3. When the
movement of the intermediate image Tl is viewed with
reference to one period, first, the projection image IM3
or the framework HW3 corresponding to the display po-
sition P3 is displayed, and then the projection image IM3
or the framework HW3 corresponding to the display po-
sition P3is re-displayed. Then, after the projection image
IM2 or the framework HW2 corresponding to the display
position P2 is displayed, the projection image IM1 or the
framework HW1 corresponding to the display position P1
isdisplayed. Then, the projection image IM1 or the frame-
work HW1 corresponding to the display position P1 is
displayed, and the projection image IM2 or the framework
HW2 corresponding to the display position P2 is dis-
played. When the above one period is visually short,
switching of the projection images IM1, IM2 and IM3 is
very fast, and the driver UN, who is an observer, recog-
nizes as simultaneously observing the frameworks HW1,
HW2 and HW3 as images having depth.

[0037] As described above, the display position of the
intermediate image Tl is changed in a sinusoidal tempo-
ral pattern, but the display position of the intermediate
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image Tl is not limited to a sinusoidal temporal pattern,
but may be changed in a serrated temporal pattern (Fig.
8A) or may be changed in a triangular wave temporal
pattern (Fig. 8B). Similarly, in these cases, the projection
distance of the projection image IM is changed continu-
ously.

[0038] The display position of the intermediate image
Tl can be changed in a staircase temporal pattern (Figs.
9A and 9B). The case of a change in a staircase temporal
pattern includes a case where the display position of the
intermediate image Tl is not changed in a staircase fash-
ion and increases and decreases complexly (Fig. 9C). In
these cases, the projection distance of the projection im-
age IMis changed in stages. In addition to these patterns,
a state in which the display position is periodically
changed without a simple increase or reduction in dis-
tance change, eg., a repetition of
P1—->P3—-P2—-P4—P5, and a state in which, for exam-
ple, the time or pattern of one stroke of the distance
change of the display position from P1 to P5 varies with
each stroke but the time or patternis periodically changed
in the strokes can also be said to be a periodic change.
[0039] With the head-up display apparatus 200 ac-
cording to the first embodiment described above, the ar-
rangement change apparatus (projection distance
change part) 62 can periodically change the projection
distance, and the image addition part (main control ap-
paratus 90 and display control portion 18) adds the frame-
works HW1, HW2 and HW3 as the related-information
image as the virtual image by the projection optical sys-
tem 30 to the objects OB1, OB2 and OB3 for which the
target distance has been detected at timing substantially
matching the projection distance, and therefore the re-
lated-information image can be three-dimensionally add-
ed to the objects OB1, OB2 and OB3 at a varying period
of the projection distance. Note that the frameworks
HW1, HW2 and HW3 are three-dimensionally displayed
in the depth direction, and even when the viewpoint of
the observer is shifted in the eyebox, the frameworks
HW1, HW2 and HW3 are not misaligned or less likely to
be misaligned with respect to the objects OB1, OB2 and
OBs3.

[Second embodiment]

[0040] A head-up display apparatus according to a
second embodiment is described below. Note that the
head-up display apparatus of the second embodiment is
a modification of the head-up display apparatus of the
first embodiment, and matters not particularly described
are similar to those of the first embodiment.

[0041] As illustrated in Fig. 10, an image formation op-
tical system 215 provided on the image display apparatus
100 magnifies an image formed on the display element
11.Inthis case, an F value on the image side of the image
formation optical system 215 is set to be relatively large,
and the diffusion screen 16, which is an optical element
that moves in the optical axis AX direction, is arranged
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at the image formation position (i.e., at or in the vicinity
of the position where the intermediate image is to be
formed) of the image formation optical system 215. Here,
when the movement range of the diffusion screen 16 is
setwithin the depth of focus of the image formation optical
system, regarding the image of the intermediate image
Tl formed on the diffusion screen 16, the blur occurring
when the diffusion screen 16 moves from the image for-
mation position of the image formation optical system
215 becomes an extent negligible for the observer, and
the image becomes relatively clear. The diffusion screen
16 is a diffusion plate that controls a light distribution an-
gle to a desired angle, and, for example, frosted glass,
alens diffusion plate, a microlens array or the like is used.
[0042] The main control apparatus 90 and the display
control portion 18, which are control portions, periodically
shift the position of the diffusion screen 16 via the ar-
rangement change apparatus (projection distance
change part) 262 to periodically shift the position of the
intermediate image Tl to periodically change the projec-
tion distance such that the image formed on the display
element 11 corresponds to the projection distance. Spe-
cifically, a guide portion 264 and the drive portion 65 con-
stituting the arrangement change apparatus (projection
distance change part) 262 moves the diffusion screen 16
back and forth in the optical axis AX direction to period-
ically change the projection distance. Thus, the projection
distance is changed periodically, and at timing when the
target distance substantially matches the projection dis-
tance by the main control apparatus 90 and the display
control portion 18, the image display apparatus 100 adds
the frameworks HW1, HW2 and HW3 as related-infor-
mation images as virtual images to the objects OB1, OB2
and OB3 detected by the environment monitor portion
(object detection part) 72. With such a configuration,
even when a mechanism that varies focus is not provided
in the image formation optical system 215, because the
projection position of the virtual image is variable and the
projection position is variable by a simple configuration,
it can be said that it is a configuration desirable for a
reduction in size of the apparatus.

[0043] Regarding the intermediate image TI, the
amount of blur or out of focus of an image is desirably
small. Meanwhile, when the position of the intermediate
image Tl is changed largely, a difference in projection
position in the depth direction of the projection image
(virtual image) IM formed thereby is ensured to enable
expansion of a three-dimensional display range. In view
of the above, the image formation optical system 215
desirably satisfies conditional expression (1) described
below.

0.8<2xFxPxm¥/8<1.2 ... (1)

[0044] However, value F indicates F number on the
display element 11 side of the image formation optical
system 215, value P indicates pixel pitch [mm] of the
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display element 11, and value § indicates amount of dif-
fusion screen movement [mm)] required for obtaining a
desired virtual image distance range. Value
2XFXxPxm2/3 in the above conditional expression (1) is
a use rate of depth of focus, and being in a range of
satisfying the above conditional expression (1) can re-
duce out of focus at each position in the movement range
of the diffusion screen 16. Therefore, it is possible to dis-
play a clear virtual image in a desired virtual image dis-
tance range.

[Third embodiment]

[0045] A head-up display apparatus according to a
third embodimentis described below. Note thatthe head-
up display apparatus of the third embodiment is a mod-
ification of the head-up display apparatus of the first em-
bodiment or the second embodiment, and matters not
particularly described are similar to those of the first em-
bodiment or the like.

[0046] As illustrated in Fig. 11, in the image display
apparatus 100, the diffusion screen 316, which is an op-
tical element, is provided as a rotary body 19a at the
image formation position (i.e., at or in the vicinity of the
position where an intermediate image is to be formed) of
the image formation optical system 215. The rotary body
19a, which is the diffusion screen 316, is driven by a
rotary drive apparatus 364 provided on the arrangement
change apparatus (projection distance change part) 362
and rotates at a constant rate, at a substantially constant
rate, or at a periodically changing rate. The rotary body
19a includes a plurality of diffusion regions 16a to 16d.
These diffusion regions 16a to 16d are different in posi-
tion with respect to the direction of the optical axis AX,
but are sequentially arranged at the image formation po-
sition of the image formation optical system 215 in asso-
ciation with the rotation of the rotary body 19a.

[0047] Fig. 12A is a cross-sectional side view for ex-
plaining the diffusion screen 316 and the arrangement
change apparatus (projection distance change part) 362,
and Fig. 12B is a front view for explaining the diffusion
screen 316. The rotary body 19a, which is the diffusion
screen 316, includes: a shaft portion 19d through which
a rotation axis RX that extends parallel to the optical axis
AX passes, a support 19f including four support regions
19e supported by the shaft portion 19d and arranged
around the rotation axis RX, and four diffusion regions
16a to 16d held by the support body regions 19e and
extended in a direction perpendicular to the optical axis
AX. The rotary drive apparatus 364 rotates the rotary
body 19a via the shaft portion 19d. The rotary drive ap-
paratus 364 is fixed onto a support member 19j having
a pedestal and a strut.

[0048] When the shaft portion 19d is rotated by the
rotary drive apparatus 364, the support 19fis also rotated
about the rotation axis RX. Consequently, the four diffu-
sion regions 16a to 16d are sequentially moved onto the
optical axis AX, and the diffusion regions 16ato 16d move
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across the optical axis AX. In this case, the arrangement
relationship is adjusted such that the centers of the dif-
fusion regions 16a to 16d are positioned to cross the
optical axis AX. When the shaft portion 19d is rotated,
for example, in a clockwise direction when viewed from
the front side, the diffusion regions 16a to 16d are ar-
ranged on the optical axis AX in this order. The image is
intermittently displayed on the display element 11 at tim-
ing when the diffusion regions 16a to 16d are arranged
on the optical axis AX.

[Fourth embodiment]

[0049] A head-up display apparatus according to a
fourth embodiment is described below. Note that the
head-up display apparatus of the fourth embodiment is
a modification of the head-up display apparatus of the
firstembodiment orthe second embodiment, and matters
not particularly described are similar to those of the first
embodiment or the like.

[0050] As illustrated in Fig. 13, the main body optical
system 13 directly converts an image formed on the dis-
play element 11 into a virtual image by means of the
virtual image formation optical system 17.

[0051] The main control apparatus 90 and the display
control portion 18, which are control portions, periodically
move the position of the display element 11 back and
forth in the optical axis AX direction via the arrangement
change apparatus (projection distance change part) 462
to periodically change the projection distance such that
the image formed on the display element 11 corresponds
to the projection distance.

[Fifth embodiment]

[0052] A head-up display apparatus according to a fifth
embodiment is described below. Note that the head-up
display apparatus of the fifth embodiment is a modifica-
tion of the head-up display apparatus or the like of the
firs embodiment is a modification of the head-up display
apparatus or the like of the first embodiment, and matters
not particularly described are similar to those of the first
embodiment or the like.

[0053] Asillustrated in Fig. 14, in the case of the head-
up display apparatus according to the fifth embodiment,
a display screen 520, which is a screen, is attached to
aninner side of areflection region 8d having a rectangular
shape of the windshield 8 provided on the front side of
the driving seat.

[Other]

[0054] Heretofore, the head-up display apparatus 200
has been described as specific embodiments, but the
head-up display apparatus according to the present in-
vention is not limited to the above. For example, in the
first embodiment, the arrangement of the image display
apparatus 100 can be inverted upside down such that
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the display screen 20 is arranged at an upper portion or
a sun visor position of the windshield 8, and in this case,
the display screen 20 is arranged obliquely below on the
front side of the drawing unit 10. Furthermore, the display
screen 20 may be arranged at a position corresponding
to a conventional mirror of an automobile.

[0055] Inthe aforementioned embodiments, the profile
of the display screen 20 is not limited to rectangular, but
may be various shapes.

[0056] The image formation optical system 15 and the
virtual image formation optical system 17 illustrated in
Fig. 2 are mere examples, and the optical configurations
of the image formation optical system 15 and the virtual
image formation optical system 17 may be changed prop-
erly.

[0057] As illustrated in Fig. 15A, the framework HW,
which is a related-information image R, is not limited to
those surrounding the entire object OB, but may be
formed of a plurality of portions. Furthermore, as illus-
trated in Fig. 15B, the related-information image RI may
be an index SH displayed adjacent to the object OB.
[0058] Furthermore, the movable lens 15f can be re-
placed with a variable-focus lens enclosing a liquid or the
like.

[0059] Above, the environment monitor portion 72 de-
tects the object OB present in front of the vehicle body
2, and the image display apparatus 100 displays the re-
lated-information image, e.g., the frameworks HW1,
HW2 and HW3 corresponding to the arrangement of the
object OB, but, regardless of the presence or absence
of the object OB, a communication network may be used
to acquire associated drive-related information, and such
drive-related information can be displayed on the image
display apparatus 100. For example, display for warning
of a car present in blind spot, an obstacle, or the like is
possible.

Claims
1. A head-up display apparatus comprising:

a projection optical system (30) configured to
project a virtual image;

an objectdetection part (72) configured to detect
an object present in a detection region and to
detect a distance from the projection optical sys-
tem (30) to the object as a target distance; and
an image addition part (90) configured to add a
related-information image as a virtual image by
the projection optical system to the detected ob-
ject at timing when the target distance substan-
tially matches the projection distance 11
characterized in that

said head-up display apparatus comprises a
projection distance change part configured to
periodically change a projection distance of a
virtualimage (IM) from the projection optical sys-
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tem (30).

2. The head-up display apparatus according to claim
1, wherein the projection distance change part (15f)
is configured to change the projection distance by
moving an optical element constituting the projection
optical system in an optical axis direction.

3. Thehead-updisplay apparatus according to any one
of claims 1 to 2, wherein the projection distance
change part (15f) is configured to continuously
change the projection distance.

4. Thehead-up display apparatus according to any one
of claims 1 to 2, wherein the projection distance
change part (15f) is configured to change the pro-
jection distance in stages.

5. Thehead-updisplay apparatus according to anyone
of claims 1 to 4, wherein the object detection part
(72) is configured to detect a movable body and a
human as the object.

6. The head-up display apparatus according to claim
5, wherein the object detection part (72) includes a
three-dimensional measurement instrument.

7. Thehead-updisplay apparatus according to anyone
of claims 1 to 6, wherein the related-information im-
age is a framework surrounding the object or an in-
dex adjacent to the object.

Patentanspriiche

1. Eine Head-up-Anzeigevorrichtung, die Folgendes
umfasst:

ein optisches Projektionssystem (30), das kon-
figuriert ist, ein virtuelles Bild zu projetzieren;
ein Objekterfassungsteil (72), das konfiguriert
ist, um ein in einem Erfassungsbereich vorhan-
denes Objekt zu erfassen und um einen Abstand
von dem optischen Projektionssystem (30) zu
dem Objekt als Zielabstand zu erfassen; und
einen Bildadditionsteil (90), der konfiguriert ist,
dum ein Bild mit verwandten Informationen als
ein virtuelles Bild durch das optische Projekti-
onssystem zu dem detektierten Objektzu einem
Zeitpunkt hinzu zu figen, wenn der Zielabstand
im Wesentlichen mit dem Projektionsabstand
Ubereinstimmt; dadurch gekennzeichnet,
dass

die Head-up-Anzeigevorrichtung einen Projek-
tionsabstandsanderungsteil (15f) umfasst, der
konfiguriertist, um periodisch einen Projektions-
abstand eines virtuellen Bildes von dem opti-
schen Projektionssystem (30) zu &ndern.
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2. Die Head-up-Anzeigevorrichtung nach Anspruch 1,
wobei das Projektionsabstandsanderungsteil (15f)
konfiguriert ist, um den Projektionsabstand durch
Bewegen eines optischen Elements, das das opti-
sche Projektionssystem bildet, in einer optischen
Achsenrichtung zu &ndern.

3. Die Head-up-Anzeigevorrichtung nach einem der
Anspriche 1 bis 2, wobei das Projektionsabstands-
anderungsteil (15f) konfiguriert ist, um den Projekti-
onsabstand kontinuierlich zu andern.

4. Die Head-up-Anzeigevorrichtung nach einem der
Anspriche 1 bis 2, wobei das Projektionsabstands-
anderungsteil (15f) konfiguriert ist, um den Projekti-
onsabstand in Stufen zu &ndern.

5. Die Head-up-Anzeigevorrichtung nach einem der
Anspriiche 1 bis 4, wobei der Objekterfassungsteil
(72) konfiguriert ist, um einen beweglichen Korper
und einen Menschen als Objekt zu erkennen.

6. Die Head-up-Anzeigevorrichtung nach Anspruch 5,
wobei der Objekterfassungsteil (72) ein dreidimen-
sionales Messinstrument enthalt.

7. Die Head-up-Anzeigevorrichtung nach einem der
Anspriche 1 bis 6, wobei das zugehdorige Informati-
onsbild ein das Objekt umgebender Rahmen oder
ein dem Objekt benachbarter Index ist.

Revendications
1. Appareil d’affichage téte haute comprenant :

un systeme optique de projection (30) configuré
pour projeter une image virtuelle ;

une partie de détection d’objet (72) configurée
pour détecter un objet présent dans une zone
de détection et pour détecter une distance entre
le systéme optique de projection (30) et I'objet
en tant que distance cible ;

une partie d’ajout d’'image (90) configurée pour
ajouter une image d’information associée en
tant qu'image virtuelle par le systéme optique
de projection a l'objet détecté a un moment
auquel la distance cible correspond sensible-
ment a la distance de projection,

caractérisé en ce que

ledit appareil d’affichage téte haute comprend
une partie de changement de distance de pro-
jection configurée pour changer périodiquement
une distance de projection d’une image virtuelle
(IM) depuis le systeme optique de projection
(30).

2. Appareil d’affichage téte haute selon la revendica-

10

15

20

25

30

35

40

45

50

55

1"

tion 1, dans lequel la partie de changement de dis-
tance de projection (15f) est configurée pour changer
la distance de projection en déplagant un élément
optique qui constitue le systéme optique de projec-
tion dans une direction d’axe optique.

Appareil d’affichage téte haute selon I'une quelcon-
que des revendications 1 a 2, dans lequel la partie
de changement de distance de projection (15f) est
configurée pour changer en continu la distance de
projection.

Appareil d’affichage téte haute selon I'une quelcon-
que des revendications 1 a 2, dans lequel la partie
de changement de distance de projection (15f) est
configurée pour changer la distance de projection
par étapes.

Appareil d’affichage téte haute selon I'une quelcon-
que des revendications 1 a 4, dans lequel la partie
de détection d’objet (72) est configurée pour détecter
un corps en mouvement et un humain en guise d’ob-
jet.

Appareil d’affichage téte haute selon la revendica-
tion 5, dans lequel la partie de détection d’objet (72)
comprend un instrument de mesure en trois dimen-
sions.

Appareil d’affichage téte haute selon I'une quelcon-
que des revendications 1 a 6, dans lequel I'image
d’information associée est un cadre qui entoure I'ob-
jet ou un indice adjacent a I'objet.
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